The effects of increased concentration of inorganic phosphate on the biosynthesis of tylosin, the level of the intracellular adenylates, the energy charge, and the activities of enzymes involved in the synthesis of tylonolide precursors were studied in Streptomycesfradiae NRRL 2702. No metabolic response was observed when elevated levels of inorganic phosphate were added in idiophase. Increased initial levels of inorganic phosphate suppressed tylosin production and markedly increased the levels of the adenylates, although the adenylate energy charge was unchanged. Higher growth and glucose uptake rates were also observed. The activities of methylnalonyl-coenzyme A carboxyltransferase (EC 2.1.3.1) and propionyl-coenzyme A carboxylase (EC 6.4.1.3) were suppressed by the increased concentration of inorganic phosphate. The results indicated that the rate of tylosin synthesis was inversely related to the absolute level of the adenylates rather than to the energy charge.
Inorganic phosphate is well known for its depressive effects on the synthesis of many antibiotics (7) . It has been reported that phosphate concentrations which are optimal to growth often suppress antibiotic production (13) . Antibiotics of different groups are subject to phosphate regulation, including macrolide antibiotics, peptide antibiotics, tetracyclines, and other complex antibiotics.
In a chemostat study, increasing the specific uptake rate of inorganic phosphate suppressed tylosin synthesis (1) . A previous paper (12) 
scribed the adenylate level, energy charge, and the enzymes involved in the synthesis of tylonolide precursors during the batch cultivation of Streptomycesfradiae; the effect on these parameters of the metabolic stress caused by glucose addition in idiophase was also described.
In this report the effect of increased levels of inorganic phosphate on batch fermentations of tylosin is described. The effect ofincreased phosphate on the levels of adenosine triphosphate (ATP), adenosine diphosphate (ADP), and adenosine monophosphate (AMP) and energy charge, and the activities of propionyl-coenzyme A (CoA) carboxylase (EC 6.4.1.3) and methylmalonyl-CoA carboxyltransferase (EC 2.1.3.1), enzymes involved in the synthesis of tylonolide precursors, is also reported.
MATERIALS AND METHODS S. fradiae NRRL 2702 was used in this study.
Growth conditions and assay procedures were as previously described (12) .
RESULTS
Effect of inorganic phosphate on metabolism of S. fradiae and on tylosin biosynthesis. Elevated levels of inorganic phosphate added to 5-day idiophase cultures of S. fradiae did not suppress the synthesis of tylosin or cause changes in cell dry weight (Fig. 1) . However, a concentration of 4.6 g/liter (2.3 g/liter in the control) of inorganic phosphate added at the beginning of the fermentation caused a severe suppression of tylosin synthesis (Fig. 2) and a more rapid growth of the culture. Rapid utilization of glucose and retarded consumption of methyloleate were also observed.
Effect ofinorganic phosphate addition on adenylate level and energy charge. The patterns of the adenylate levels were similar to those described previously (12) , characterized by high concentrations of the adenylates in trophophase and decreased levels in idiophase. Addition of increased levels of inorganic phosphate caused a marked increase in the levels of individual adenylates (ATP, ADP, and AMP) (Fig.  3) ; the levels of ATP, ADP, and AMP were higher than the control levels throughout the fermentation.
The total levels of all adenylates also displayed a similar pattern. values of the phosphate addition cultures and the controls were, however, almost identical (Fig. 4) . Effect of increased inorganic phosphate on activities of methylmalonyl-CoA carboxyltransferase and propionyl-CoA carboxylase. Initial increased levels of inorganic phosphate resulted in decreased enzyme activities (Fig. 5) . The depressive effects of increased phosphate were greater than those observed previously (12) for glucose addition to idiophase cultures.
DISCUSSION
Phosphate regulates a large number of reactions in primary metabolism, including deoxyribonucleic acid, ribonucleic acid, and protein syntheses (3, 4, 11) . However, in biosynthesis of secondary metabolites, phosphate concentrations which are optimal to growth often have inhibitory effects (7, 13) . The inhibitory effects of inorganic phosphate have been reported, in some systems, to be associated with increased activity of primary metabolism (5, 9) .
Neither suppression of tylosin synthesis nor an increase in cell dry weight was observed when inorganic phosphate was added in idiophase, when glucose levels were undetectable and the organism was metabolizing methyloleate as a carbon source. In a chemostat study of tylosin production, increased specific uptake rate of inorganic phosphate while glucose was being continuously fed suppressed tylosin biosynthesis (1) . This indicates the importance of relative uptake rates of glucose and inorganic phosphate in directing energy metabolism.
The possible involvement of the intracellular adenylates in the regulation of tylosin biosynthesis was discussed previously (12) . The inhibitory effect of inorganic phosphate on antibiotic production could be associated with the level of the intracellular adenylates (2, 6) . In batch fermentation of tylosin the elevated initial concentration of inorganic phosphate caused a marked increase in the levels of ATP, ADP, and AMP but did not affect the energy charge of the system. The observation suggests that the level of the adenylate pool rather than the adenylate energy charge probably plays a more significant role in mediating phosphate control of tylosin synthesis. Similar observations were reported in the candicidin fermentation (8) .
Early addition of elevated levels of inorganic phosphate to the tylosin-producing culture suppressed the activities of methylmalonyl-CoA VOL. 19, 1981 on June 20, 2017 by guest http://aac.asm.org/ Downloaded from carboxyltransferase and propionyl-CoA carboxylase. The reduced activities of these enzymes, which are involved in the synthesis of tylonolide precursors, after addition of elevated levels of phosphate could be one of the factors responsible for the observed suppression of tylosin production.
The data obtained from this study suggest that inorganic phosphate affects the expression of the enzymes involved in the formation of tylonolide precursors and that the level of the adenylate pool may be one of the intracellular effectors mediating the phosphate control of tylosin biosynthesis. LITERATURE CITED
